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Report Title

Final Report - Coagulation & Ultra-filtration of Laundry Waste Waters using the Shower Water Reuse System
(SWRYS)

ABSTRACT

The objective was to determine the optimal coagulation conditions for pre-treating laundry waste water before microfiltration (MF)when
using the Army's Shower Water Reuse System (SWRS). In bench-scale tests, low doses of low molecular-weight
epichlorohydrin/dimethylamine (epi/DMA) polymer produced the most rapid increase in zeta-potential, low specific resistance to filtration,
low coefficient of compressibility, good removal of contaminants, and substantially decreased fouling of MF membranes. The critical flux
was increased from 50 L m-2h-1 for no coagulant to 510 L m-2h-1 for the CN condition, indicating the possibility of decreased footprint for
the mobile treatment unit. Multi-cycle tests (up to 15 cycles of MF operation followed by backwashing) confirmed that hydraulic cleaning
removed fouling when the system was operated with sub-critical flux . Full-scale tests with the SWRS demonstrated easy application of the
epi/DMA polymer under field conditions, good removal of contaminants from laundry waste water, and negligible fouling of the MF.
Additional tests showed that dead-end filtration (as used in the SWRS) resulted in less fouling than cross-flow filtration for laundry waste
water, especially for operating times used in the SWRS between hydraulic cleanings.
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Scientific Progress

The following accomplishments were obtained as a result of this funding.

Laundry wastewater was treated at full-scale using the Army's Shower Water Reuse System (SWRS). This was the first time
the SWRS was used to treat laundry wastewater. That portion of the work was conducted at Penn State University at a site
adjacent to the PSU laundry.

Earlier bench-scale tests demonstrated the following:

(a) high molecular-weight core-polymer quaternary amine polymers were optimal for treating laundry wastewater with solids
separation by sedimentation;

(b) low molecular weight (MW) Epi-DMA quaternary amine polymers were optimal for decreasing specific resistance to filtration
and for applications in which coagulated solids are removed by low-pressure membrane filtration;

(c) exact neutralization of the negative charge on laundry wastewater contaminants by the positive charge on cationic polymers
resulted in the best removal of contaminants and the least membrane fouling;

(d) the low MW Epi-DMA polymer was effective at removing contaminants and reducing fouling over a broad pH range, from
neutral pH 7 to the very alkaline pH up to 12 of some laundry water;

(e)the critical flux for microfiltration was increased by a factor of ten after addition of the CN coagulant dose to laundry
wastewater, meaning that it would be possible to treat ten times as much laundry wastewater after coagulation compared to
treating raw laundry wastewater;

(e) streaming current detectors were effective at identifying the charge neutralization (CN) condition over the entire pH range
and results were compatible with the more difficult and less field-friendly measurement of zeta potential (ZP);

(f)the low MW epi-DMA polymer increased removal of contaminants and decreased fouling when applied at less than 50% of
the CN dose, although improvements were not as great as with the CN dose;

((g)the low molecular weight epi-DMA polymer was easily prepared in the field and it retained coagulation effectiveness even
after month-long storage at near-freezing to 40C conditions; and,

h) the results reported in items d-g suggest that low MW Epi-DMA polymer provides a robust treatment strategy for use in
challenging conditions where contaminant concentrations change with time and where personnel and instrumentation might not
allow operation exactly at the CN condition;
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